An evidence based guide to a safe intraoperative approach of avoiding iatrogenic lesions during difficult laparoscopic cholecystectomies
Introduction
The problem of iatrogenic lesions during laparoscopic cholecistectomy (LC) is both a very old and an ever-contemporary problem in the general surgery community. In the United States, yearly, there are about 750.000 registered cholecystectomies (1) , while in England the figure is close to 50.000 (2, 3) . The German health system registers as many as 170.000 cholecystectomies from which 156.000 are performed by the means of laparoscopic approach. Out of those, 9.000 As controversial as these figures may be, the problem at hand -ductal and vascular lesions during laparoscopic cholecystectomy -has risen with the advent and widespread use of LC and no matter the percentage, the sheer numbers of cases, in an absolute parameterization, are high, thus placing this operative complication among the top concerns of surgical teams performing LC on a routine level, both in primary and referral clinics.
Materials and Methods
From our experience that stretches over more than 20 years of laparoscopic approach to the gallbladder pathology, we selected several difficult situations in which any surgeon, no matter the level of operative experience, must pay close attention, as these can rapidly lead to some very difficult to manage iatrogenic lesions with unpredictable short and long term outcomes. 
Results

Anomalies in the arterial disposition
In this regard, we present a case of a laparoscopic cholecystectomy for acute lithiasic cholecystitis during which we have been confronted with a dual, symmetrical disposition of the Cystic Artery (CA), with one branch on each side of the cystic duct and with very close diameters in size. In this case one could easily be fooled by this particular disposition and an arterial transection could be registered with unpredictable results (Figure 1 ).
The solution was to continue the dissection of the peritoneum further, more in a downwards disposition to reveal the joined trunk of the two arterial branches and the decision to continue, prior to clipping, the dissection on the right side of the gallbladder in order to completely expose the mirrored trajectory of the second arterial branch. After clipping these two branches just before their forking point, the dissection proceeded in a normal fashion. Figure 6 ). 
Anatomical rearrangements due to the advance in local pathology
Perhaps the most dangerous traps in LC are laid by modifications in trajectory, disposition and aspect to the normal anatomical structure by the inflammatory and sclero-atrophic processes that take a natural part in the evolution of the pathology of an acute or chronic inflammation at the level of extrahepatic biliary tree.
In this regard, we came across a case in which an intense process of pediculitis with a heavy rearrangement of all anatomical planes that led to a complete atypical picture at the end of the dissection in the expected position: a rather large structure with a ductal-like aspect that did not allow us to dissect it further, due to the very important wall edema. At the first glance, its proximal end was going straight into the gallbladder and the distal one had a trajectory most probable for the hilar area of the liver but in the thickness of this structure a second one could have been very easily hidden. And indeed, this was the case, as we discovered a very long MBP with a loop arranged in a 180-degree manner that was going up, made a sharp bend and took a downwards disposition after in the same narrow space, giving the overall impression of a single structure that could pass as an enlarged cystic duct. The only safe way to avoid this kind of situation is to try to dissect in a 360-degree manner the cystic duct, to correctly identify its level of junction with the MBP by using a 30-degree endoscope that allows the surgeon a very good view of the structures (Figure 8 ). 
Discussions
As stated before, the problem of ductal and vascular lesions during LC represents a very serious problem that should not be taken lightly. As highlighted by numerous studies over the last decades ( Table 1) , out of the many complications encountered during LC, the ductal and vascular ones are far the most common and, unfortunately, the most difficult to assess and often with questionable outcomes on the long run, despite the best surgical options chosen. 
Conclusions
This material is not intended in any case to be a comprehensive and all-knowing reference for every type of scenario that can lead to a potential iatrogenic lesion of the MBP during LC, but rather a short and concise walk through the most common cases of potentially difficult situations that we encountered in OR and managed to overcome in various ways, either employing advanced imaging or using just plain good surgical sense and observation.
We consider the use of intraoperative cholangiogram a very good option in any case in which identifying the correct anatomical landmarks is difficult and while it may add some time to the overall length of the surgical procedure, it can outline the proper layout of the ductal structures and more so, place the surgeon in a safe and legal position in case of an iatrogenic lesion.
Although there is still a legal debate and courts all over the world continue to rule differently when it comes to iatrogenic lesions registered even if cholangiography was performed during surgery (15) , it clearly shows that the surgeon has gone the full length of his abilities and judgment to perform at his best in order to avoid an iatrogenic lesion when confronted with uncertainties.
Regarding the use of routine preoperative Perhaps the most obvious but also the most difficult to implement due to the intrinsic human nature of avoiding to place oneself in a lesser position, a characteristic well developed in surgeons, always ask for a second opinion wherever in doubt about the landmarks ahead, preferably a hepato-biliary expert that may bring a fresh and unbiased opinion during surgery and provide a feasible solution in avoiding an iatrogenic lesion.
Acronyms and abbreviations
LC: laparoscopic cholecystectomy; CA: Cystic Artery;
MBP: main biliary pathway; RHA: right hepatic artery;
CD: Cystic Duct; OR: operating room.
